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NC-ND license (http://creativecommoSummary Percutaneous nephrolithotomy (PCNL) using a nephrostomy tube as a drainage has
been considered the standard procedure. However, recently many literatures have reported
the use of tubeless and totally tubeless drainage following PCNL with excellent results. A liter-
ature search was conducted using MEDLINE databases to review each drainage technique
following PCNL (tubeless, totally tubeless, or nephrostomy tube) and also to assess the most
recent evidence that compare the safety of these drainage procedures with a clear-cut clinical
parameter imposed. Tubeless or totally tubeless PCNL is significantly superior to standard PCNL
in terms of length of hospital stay, postoperative pain (visual analog scale) score, demands or
dosage of analgesics required, as well as faster return to activity for the patients. However,
despite the many advantages of tubeless or totally tubeless PCNL over standard PCNL, there
are a number of situations requiring the consideration of nephrostomy tube placement. None-
theless, decision to use or not to use nephrostomy tube after PCNL depends on the surgeon’s
experience and clinical judgment.
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+ MODEL1. Introduction
Percutaneous nephrolithotomy (PCNL) has been recognized
as the primary treatment of choice for patients with a large
kidney stone.1 Development of techniques to establish safe
and reliable percutaneous kidney access triggered the
growth of percutaneous intrakidney procedures. Rupel and
Brown2 reported the removal of a kidney stone via an
established nephrostomy tract in 1941.3 However, it was
much later, in 1976, that PCNL gained its popularity when
Fernstrom and Johannson4 performed the removal of a
kidney stone percutaneously.3
The insertion of a nephrostomy tube after PCNL as a
drainage is still considered a standard procedure. Other
than acting as drainage, a nephrostomy tube placed after
PCNL is also meant to serve as a medium to tamponade
bleeding along the PCNL tract. Furthermore, it also pro-
vides access to perform a second exploration and percu-
taneous chemolitholysis if necessary.5 However, the recent
literature suggests that the use of tubeless or totally
tubeless drainage following PCNL also presents excellent
results. This leads to some confusion about which proce-
dure should be performed as a drainage following PCNL to
ensure the patient’s safety and comfort.
The objective of this review is to re-explore each
drainage technique following PCNL (tubeless, totally
tubeless, or nephrostomy tube) and also to assess the most
recent evidence that compare the safety of these
drainage procedures with a clear-cut clinical parameter
imposed.
2. Methods
A literature search was conducted on MEDLINE databases
using the following keywords: stone, percutaneous neph-
rolithotomy, tubeless, and nephrostomy. Using these key-
words, a long list of 205 references was available. No
language restrictions were applied, but the search for evi-
dence was restricted to studies conducted within the past 5
years with full text readily available, leading to the
retrieval of a total of 32 citations. A quick skim through the
abstracts of all citations was performed to ensure rele-
vance to this particular review.
3. Results and discussion
3.1. Standard/nephrostomy tube PCNL
A nephrostomy tube is a tube placed in the renal col-
lecting system for the purpose of drainage, diagnostic
test, and/or removal of calculi. It drains urine directly
from the kidney into a collecting bag outside the body. A
nephrostomy tube may be placed through the percuta-
neous route or during an open surgical procedure. In
urology, nephrostomy tubes are routinely used after PCNL.
The use of percutaneously placed nephrostomy tubes was
initially described in 19556, where the operator passed
various sizes of polyethylene tubing over 10e14 G needles.Please cite this article in press as: Tirtayasa PMW, et al., Safety of
drainage following percutaneous nephrolithotomy: A comprehensive re
j.asjsur.2016.03.003The first nephrostomy tube described, a 14Fr rubber
catheter, had been used as a splint for open intubated
ureterotomy in the previous decade.7
Nephrostomy tubes that are commonly used are avail-
able in various sizes (5Fre32Fr) and types (Foley, Malecot,
Council, Cope loop, reentry tube, pigtail catheter, etc.).8
Traditionally, 20e24Fr tube nephrostomy drainage has
been advocated after PCNL with the aim of providing reli-
able urinary drainage, hemostatic tamponade of the
percutaneous renal tract, and maintaining access for future
percutaneous manipulations.9 Therefore, the placement of
a nephrostomy catheter after PCNL is considered as the
standard procedure.10
The procedure begins by placing the patient in a prone
position under general anesthesia. After performing retro-
grade ureteral catheterization, percutaneous renal access
is obtained under ultrasound guidance. The tract is then
dilated under fluoroscopic guidance, and calculus disinte-
gration subsequently follows. After confirming complete
calculus disintegration, a nephrostomy tube is usually
placed in the percutaneous renal tract.9
Percutaneous nephrostomy was initially introduced for
emergency drainage of an obstructed upper urinary tract.
More recently, this procedure has also been used in the
treatment of sepsis aggravated by ureteral obstruction.
Additionally, a nephrostomy tube also helps assess poten-
tial recovery of renal function of an obstructed kidney and
serves as an initial preparation before performing inter-
ventional dissolution and basketing of renal calculi.8 In
patients with upper urinary tract obstruction, relief of
obstruction is usually achieved by insertion of a percuta-
neous nephrostomy tube, placed under local anesthesia,
before establishing the definitive diagnosis and treatment
of obstruction.11
Each nephrostomy tube has unique characteristics that
may optimize its use in a given clinical setting. Regardless
of its specific purpose, an ideal nephrostomy tube should
have excellent biocompatibility and strength, be well
tolerated by the patient, resist obstruction or dislodging,
and be simple to insert and replace.7 The indication for the
placement of a nephrostomy tube depends on the advan-
tages of each tube. Pigtail is the best choice in the drainage
of an obstructed system. Balloon, Malecot, and tubeless
types can be used in patients with uncomplicated PCNL.
However, in problematic PCNL cases, Council or Kaye
tamponade is recommended.
Nephrostomy tube insertion after PCNL also has other
benefits, such as improving clearance of blood and thus
preventing clot formation, maintaining the re-entry tract
for a staged procedure, and performing contrast study in
the postoperative period. No single tube of the available
alternatives has all these advantageous properties.
The possible disadvantages of nephrostomy tube place-
ment are patient discomfort, pain, and prolonged
hospitalization.12
3.2. Tubeless or totally tubeless PCNL
Nowadays, PCNL is still the main option for the treatment
of large and complex renal stones. Standard PCNL consiststubeless or totally tubeless drainage and nephrostomy tube as a
view, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
Table 1 Advantages of tubeless or totally tubeless and
standard PCNL.
Advantages of tubeless or
totally tubeless PCNL
Advantages of standard
PCNL (with nephrostomy
tube)
 Shorter length of hospital stay
 Lower postoperative pain
 Lower analgesia requirements
 Faster return to activity
 Lower total treatment costs
 Providing access
for re-exploration
 Providing access
for radiologic
assessment
 Safety valve
PCNL Z percutaneous nephrolithotomy.
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from the flank surface to allow endoscopic stone frag-
mentation and removal. Although continuous technical
refinements have been made, complications of hemor-
rhage and urine extravasation are still a cause for
concern. Postoperative nephrostomy tube placement may
be performed to reduce such complications. Unfortu-
nately, however, placement of a nephrostomy tube may
increase the risk of postoperative pain and morbidity. By
contrast, tubeless or totally tubeless PCNL may be
considered a less painful alternative with proven
efficacy.13,14
Tubeless PCNL is defined as PCNL without postoperative
nephrostomy tube placement. When neither a nephrostomy
tube or a ureteral stent is used, the procedure is commonly
referred to as totally tubeless PCNL.5 Tubeless or totally
tubeless PCNL is significantly associated with reduced use
or demands for analgesics and a shorter hospital stay, and is
not as costly as nephrostomy PCNL. Additionally, there
were no reports of complications such as urinoma and he-
matoma, or the impending need for blood transfusion
(Table 1).13e16
The early postoperative discomfort or pain after PCNL
may be caused by either the nephrostomy tube or the
ureteral stent. Karami et al15,17 therefore modified the
tubeless PCNL technique by simultaneously omitting the
nephrostomy tube and ureteral stent, and introduced the
so-called totally tubeless PCNL. Other studies also sug-
gest the use of a hemostatic agent for tract sealing in
order to prevent or control urine extravasation after
PCNL. This agent helps reduce the needs for analgesics,
although this effect has not been proved to be statisti-
cally significant. The relatively high cost and low rate of
complications from PCNL have raised some doubts about
whether this hemostatic agent is actually needed to be
prescribed.13,15
The main indications for tubeless PCNL included cases
with a single access tract, minimal blood loss, and no evi-
dence of collecting system perforation, and no second-look
nephroscopy was intended.18 Recent studies suggest thatPlease cite this article in press as: Tirtayasa PMW, et al., Safety of
drainage following percutaneous nephrolithotomy: A comprehensive re
j.asjsur.2016.03.003tubeless PCNL in a carefully selected patient offers a
shorter hospital stay, less postoperative urinary leakage,
pain reduction, and minimization of analgesic
requirements.14e16,18e21 In addition, tubeless PCNL is also
associated with the same stone-free rate as standard PCNL.
Nephrostomy tube placement, however, should still be
considered in certain cases such as those with more than
two nephrostomy access tracts, those requiring second-look
nephroscopy, those with intraoperative complications such
as significant bleeding or collecting system perforation,
those with whole staghorn calculi, and those with chronic
kidney diasease.22,23
3.3. Advantages of tubeless or totally tubeless PCNL
versus standard PCNL
A huge number of randomized controlled trials have been
conducted to assess the advantages that tubeless or totally
tubeless PCNL may have over standard PCNL (Appendix 1).
Tubeless or totally tubeless PCNL is significantly superior to
standard PCNL in terms of length of hospital stay, post-
operative pain (visual analog scale) score, demands or
dosage of analgesics required, as well as faster return to
activity for the patients.14,16,18,21,23e26 Furthermore, one
study conducted by Choi et al16 estimated that the cost of
performing tubeless PCNL is significantly lower than that of
standard PCNL. The complication rates were comparably
similar in both tubeless and standard PCNL with neph-
rostomy tubes.22 There are also no significant differences
in terms of operation-time, average drop in hemoglobin
level, as well as rise in serum creatine level.14,18,23e26
Nonetheless, despite the many advantages that tubeless
or totally tubeless PCNL have over standard PCNL, there
are a number of situations requiring the consideration of
nephrostomy tube placement. These situations include
cases with more than two access tracts, significant perfo-
ration of the collecting system, the need for second-look
nephroscopy, significant intraoperative bleeding, compli-
cated procedures, and possibilities of intrathoracic
violation.224. Conclusion
A number of various studies have demonstrated that the
complication rates are comparably similar between tube-
less or totally tubeless PCNL and standard PCNL.22 More-
over, tubeless or totally tubeless PCNL is significantly
superior to standard PCNL in terms of length of hospital
stay, return to normal daily activities, postoperative pain,
analgesia requirements, and total treatment
costs.14,16,18,21,23e26 Thus, this suggests that in uncompli-
cated cases, tubeless or totally tubeless PCNL may be
considered a safe alternative.5 Nonetheless, decision to use
or not to use nephrostomy tube after PCNL depends on the
surgeon’s experience and clinical judgment.tubeless or totally tubeless drainage and nephrostomy tube as a
view, Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
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+ MODELAppendix 1. Summary of clinical trials.Clinical parameter Standard PCNL/
nephrostomy tube
Tubeless or totally
tubeless PCNL
p References
 Mean Hb decrease (mg/dL) 1.26 0.32 1.05 0.39 0.17 Aghamir et al24
 Analgesics (mg/kg) of morphine 0.15 0.04 0.07 0.03 <0.001
 Hospital stay (h) 58.7 10.37 39.54 11.39 <0.001
 Reoperation 0 (0%) 1 (7.7%) 0.56
 Fever 3 (30%) 2 (15.5%) 0.63
 Leakage 1 (10%) 1 (7.7%) 0.69
 Mean Hb decrease (mg/dL) 1.31 1.4 0.67 2.51 0.230 Akin et al21
 Length of hospital stay (d) 3.79 1.65 3.04 0.96 0.038
 Length of hospital stay (d) 4.21 1.27 3.37 1.07 <0.001 Chang et al25
 Mean Cr change (mg/dL) 0.09 0.12 0.1 0.12 0.589
 Mean Hb decrease (mg/dL) 2.04 0.50 1.91 0.51 0.150
 Postoperative VAS (10 cm) 6.26 0.98 4.97 1.15 <0.001
 Ketorolac (mg) 75.52 16.24 61.50 15.49 <0.001
 Buprenorphine (mg) 0.26 0.79 0.11 0.17 0.157
 Return to normal activity (d) 7.12 1.44 6.47 1.14 <0.001
 Urine leak >12 h 3 (5.56%) 5 (8.33%) 0.717
 Length of hospital stay (d) 4.10 1.88 1.72 0.58 <0.001 Choi et al16
 Postoperative VAS (10 cm) 6.26 1.51 4.43 1.99 <0.001
 Analgesia requirements (mg) 45.2 19.5 33.2 21.3 0.005
 Mean total treatment cost 2845.70 2398.22 549.1 0.002
 Length of hospital stay (d) 4.6 20 3.3 2.1 <0.001 Garofalo et al14
 Mean Hb decrease (g/dL) 1.7 1.3 1.6 1.1 0.598
 Mean Cr decrease(mg/dL) 0.10 0.22 0.11 0.25 0.668
 Analgesic dose used 2.1 2.1 1.6 1.4 0.10
 Mean Hb decrease (g/dL) 2.14 0.51 1.91 0.62 0.269 Lu et al26
 Length of hospital stay (d) 4 (3e12) 3 (2e7) 0.032
 Mean Hb decrease (g/dL) 0.96 1.1 0.96 1.2 0.98 Shoma and Elshal23
 Length of hospital stay (h) 78 46 65 49 0.003
 Postoperative VAS score 2.9 1.7 1.6 1.9 0.16
Cr Z creatine; Hb Z hemoglobin; PCNL Z percutaneous nephrolithotomy; VAS Z visual analog scale.References
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